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PREFACE 

This is t h e  second i n  a s e r i e s  of r e p o r t s  p re sen t ing  r e s u l t s  obtained from t h e  
S t r a t o s p h e r i c  Aerosol Measurement ( S A M )  I1 sensor  aboard t h e  Nimbus 7 spacecraf t .  
The f i r s t  6 months of da t a  were previous ly  repor ted  by McCormick i n  NASA Reference 
Pub l i ca t ion  1081 e n t i t l e d  "SAM I1 Measurements of t h e  Polar  S t r a tosphe r i c  Aerosol. 
Volume I - October 1978 t o  Apri l  1979." Each r e p o r t  conta ins  s e l e c t e d  da ta  products  
such a s  ae roso l  e x t i n c t i o n  p r o f i l e s ,  ae roso l  e x t i n c t i o n  i s o p l e t h s ,  temperature con- 
t o u r s ,  and o p t i c a l  depths a s soc i a t ed  with 6 months of observa t ions .  The s a t e l l i t e  
was launched i n  l a t e  October 1978 and i s  s t i l l  provid ing  high-qual i ty  data .  This 
r e p o r t  inc ludes  da t a  from Apri l  1979 through October 1979. It is  intended for f u t u r e  
r e p o r t s  t o  cover subsequent consecut ive 6-month time periods.  

A l l  of t h e  SAM I1 da ta  and da ta  products  a r e  being archived on magnetic t a p e  a t  
t h e  National  Space Sciences Data Center, NASA Goddard Space F l i g h t  Center,  Greenbelt ,  
Maryland 20771, and a r e  a v a i l a b l e  t o  i n t e r e s t e d  researchers .  Because of t h e  l a r g e  
volume of da t a  r e t r i e v e d  by t h e  SAM I1 system, it is impossible t o  p re sen t  a l l  of t h e  
r e s u l t s  i n  hard-copy form. Consequently, t h i s  s e r i e s  of r e p o r t s  is intended t o  give,  
i n  a ready-to-use v i s u a l  format, an overview of t h e  da t a  products  being archived. It 
con ta ins  a l a r g e  enough sampling of t h e  r e s u l t s  t o  al low f o r  any a n a l y s i s  not  requi r -  
i n g  t h e  e n t i r e  da t a  base. No at tempt  has  been made i n  t h i s  r epo r t ,  however, t o  pro- 
v ide  any s c i e n t i f i c  a n a l y s i s  with t h e  da t a  s e t .  Some i n v e s t i g a t i o n s  have been 
a l r eady  i n i t i a t e d  by t h e  SAM I1 Science Team, which is made up of t h e  fol lowing 
people: G. W. Grams, Georgia I n s t i t u t e  of Technology; B. M. Herman, Univers i ty  of 
Arizona; T. J. Pepin, Univers i ty  of Wyoming; P. B. Russel l ,  SRI I n t e r n a t i o n a l ;  and 
M. P. McCormick, NASA Langley Research Center. 

I n  a d d i t i o n  t o  t h e  au thors ,  t h e  fol lowing SAM I1 S t a f f  cont r ibu ted  t o  t h i s  
r e p o r t :  Thomas J. Swiss le r ,  W. H. Mitchel l ,  A. B. Graham, and M. T. Osborn of 
Systems and Applied Sciences Corporation, Hampton, Vi rg in ia ;  and W. P. Chu and 
L. R. McMaster of NASA Langley Research Center. 
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SUMMARY 

The St ra tospher ic  Aerosol Measurement (SAM) I1 sensor is  f l y i n g  aboard t h e  
Earth-orbit ing Nimbus 7 spacecraf t  providing ex t inc t ion  measurements of the  Antarct ic  
and Arct ic  s t r a tospher ic  aerosol  with a v e r t i c a l  resolu t ion  of 1 km. This r epor t  
p resen t s  representa t ive  examples and weekly averages of these  aerosol  da ta  a s  well a s  
corresponding temperature p r o f i l e s  provided by the  National Meteorological Center of 
t h e  National Oceanic and Atmospheric Administration (NOAA) f o r  the  time and place of 
each SAM I1 measurement during the  second 6 months of s a t e l l i t e  f l i g h t ,  April  1979 
through October 1979. From the  aerosol  ex t inc t ion-p ro f i l e  data,  contours of aerosol  
ex t inc t ion  a s  a function of a l t i t u d e  and longitude o r  time a r e  p lo t t ed .  Also, 
ae roso l  o p t i c a l  depths a r e  ca lcula ted  f o r  each week. Seasonal va r i a t ions  and var ia-  
t i o n s  i n  space ( a l t i t u d e  and longitude) f o r  both polar  regions a r e  e a s i l y  seen. 
Typical values of aerosol  ext inc t ion  a t  the  SAM I1 wavelength of 1.0 pn f o r  t h i s  time 
per iod  a r e  1 t o  3 times 1 0 ' ~  km" i n  t h e  main s t r a tospher ic  aerosol  layer .  Optical  
depths f o r  the  s t ra tosphere  a r e  about 0.002. Polar  s t r a tospher ic  clouds (PSC1s) a t  
a l t i t u d e s  between the  tropopause and 20 km were observed during the  Antarct ic  winter 
a t  various times and locat ions .  No attempt has been made i n  t h i s  r epor t  t o  give any 
d e t a i l e d  explanations o r  i n t e r p r e t a t i o n s  of these  data. The i n t e n t  of t h i s  repor t  is 
t o  provide, i n  a ready-to-use format, a representa t ive  sample of the  second 6 months 
of da ta  t o  be used i n  atmospheric and c l ima t i c  s tudies .  

INTRODUCTION 

The SAM I1 sensor is aboard the  Earth-orbit ing Nimbus 7 spacecraf t ,  and is 
designed t o  measure s o l a r  i r radiances  t h a t  have been a t tenuated  by aerosol  p a r t i c l e s  
i n  t h e  Arct ic  and Antarct ic  s tratosphere.  A p r inc ipa l  goal of t h i s  mission is t o  map 
these  polar  aerosol  l aye r s  and t o  generate a long-term data base o r  aerosol  clima- 
tology.  This da ta  base w i l l  allow f o r  s tud ies  of aerosol  changes due t o  seasonal and 
short-term meteorological va r i a t ions ,  atmospheric chemistry and microphysics, and 
volcanic a c t i v i t y  and o ther  perturbat ions.  The r e s u l t s  obtained w i l l  be useful  i n  a 
number of app l i ca t ions ,  p a r t i c u l a r l y  the  evaluat ion of any p o t e n t i a l  cl imate e f f e c t  
caused by s t r a tospher ic  aerosols .  

SAM I1 INSTRUMENT 

The SAM I1 instrument cons i s t s  of a single-channel Sun photometer with a 
0.04-pm passband centered a t  a wavelength of 1.0 p. This i s  a region of the  spec- 
t r i m  where absorption by atmospheric gases is negl ig ib le ;  consequently, any extinc- 
t i o n  is  due t o  s c a t t e r i n g  by aerosol  p a r t i c l e s  and a i r  molecules. 

I n  operat ion,  the  instrument is  ac t iva ted  shor t ly  before each sunr ise  o r  sunset  
encountered by the  s a t e l l i t e .  A sensor with a wide f i e l d  of view is used t o  i n d i c a t e  
t h e  Sun's presence. Two s imi la r  sensors then point  the  SAM I1 t o  within k0.030 i n  
azimuth ( l e f t  and r i g h t ) .  A mirror begins a rapid v e r t i c a l  scan u n t i l  t he  Sun image 
i s  acquired by the  SAM I1 telescope. The mirror then slowly scans v e r t i c a l l y  across 
the  Sun a t  a r a t e  of 0.25 degree per  second reversing i t s e l f  each time a Sun-limb 
c ross ing  occurs. The entrance window t o  the  SAM I1 telescope only passes sunl ight  of 
wavelength g rea te r  than 0.9 p. A c i r c u l a r  aper ture  placed a t  the  image plane serves 



t o  def ine  t h e  ins t rument ' s  instantaneous f i e l d  of view t o  be 0.5 minute of a rc .  
This corresponds t o  a  v e r t i c a l  r e so lu t ion  i n  t he  atmosphere of approximately 0.5 km 
a l t i t u d e .  From t h e  t e l e scope  the  l i g h t  is d i r e c t e d  through an i n t e r f e r e n c e  f i l t e r ,  
which r e j e c t s  a l l  but  t h e  1 .O-p-wavelength (f0.02 p) passband, t o  a  photodiode 
de t ec to r .  L ight  i n t e n s i t y  a s  a  func t ion  of time is d i g i t i z e d ,  recorded, and t e l e -  
metered back t o  Earth.  These data  a r e  reduced t o  y i e l d  the  t r a n s m i s s i v i t y  of t h e  
atmosphere a s  a  func t ion  of a l t i t u d e  and then inve r t ed  t o  give t h e  e x t i n c t i o n  coef- 
f i c i e n t  a s  a  func t ion  of a l t i t u d e  ( e x t i n c t i o n  p r o f i l e ) .  The inve r s ion  procedures 
used a r e  descr ibed i n  Chu and McCormick ( r e f .  1) . 

A desc r ip t ion  of t h e  SAM I1 instrument ,  and t h e  experiment i n  genera l ,  is given 
by McCormick e t  a l .  ( r e f .  2) .  Fur ther  d e s c r i p t i v e  and t echn ica l  d e t a i l s  a r e  found i n  
Russel l  e t  a l .  ( r e f .  3 )  and The Nimbus 7 User 's  Guide ( r e f .  4 ) .  

THE NIMBUS 7 SATELLITE ORBIT AND SAM I1 MEASUREMENTS 

The SAM I1 instrument ,  along with a  number of o the r  sensors ,  is  mounted on t h e  
Nimbus 7 Ear th-orb i t ing  s a t e l l i t e .  The o r b i t a l  c h a r a c t e r i s t i c s  of t h i s  s a t e l l i t e  
determine the  measurement oppor tun i t i e s  and geographic l oca t ions  of t h e  SAM I1 mea- 
surements. Recal l  t h a t  t he  mode of opera t ion  of t h e  instrument  is such t h a t  it takes  
da ta  during each s u n r i s e  and sunse t  encountered. The Nimbus 7 s a t e l l i t e  has an  
o r b i t a l  per iod of 104 minutes,  which means t h a t  it c i r c l e s  t h e  Earth near ly  14 times 
per  day. Each time t h e  s a t e l l i t e  e n t e r s  i n t o  o r  emerges from t h e  Ea r th ' s  shadow, 
t h e r e  is a measurement opportuni ty f o r  t h e  SAM 11. Consequently, t h e  instrument  
t akes  da ta  during approximately 14 sun r i se s  and 14 sunse t s  each Earth day. The o r b i t  
of t h e  s a t e l l i t e  is a high-noon, Sun-synchronous one, t h a t  is, each time the  s a t e l -  
l i t e  c rosses  t he  equator ,  t he  center  of t h e  Earth,  t h e  s a t e l l i t e ,  and the  cen te r  of 
t h e  Sun a l l  f a l l  along a  s t r a i g h t  l i n e .  In  genera l  terms, t h i s  means t h a t  t he  
o r b i t a l  plane of t h e  s a t e l l i t e  i s  f ixed  with r e spec t  t o  t he  Sun and t h a t  a l l  sunse ts  
occur i n  t h e  Arc t i c  region whereas a l l  sun r i se s  occur i n  t h e  An ta rc t i c  region. In  
t h e  course of a  s i n g l e  day, measurements of t h e  s t r a t o s p h e r i c  ae roso l  w i l l  be 
obta ined  a t  14 po in t s  spaced 26O a p a r t  i n  longi tude i n  t h e  Northern Hemisphere, and 
s i m i l a r l y  f o r  t h e  Southern Hemisphere. A l l  of t h e  po in t s  obtained during 1 day i n  a  
given hemisphere w i l l  he a t  very nearly t he  same l a t i t u d e ,  hu t  a s  time progresses ,  
t h e  l a t i t u d e  of t he  measurements w i l l  slowly change with the  season by 10 t o  2O each 
week, gradual ly sweeping out  t he  a rea  from 64O t o  800. Figure 1 shows t h i s  l a t i -  
t u d i n a l  coverage f o r  t h e  per iod  covered by t h i s  r e p o r t .  Lowest l a t i t u d e  coverage 
occurs  a t  t h e  s o l s t i c e s  whereas t h e  h ighes t  l a t i t u d e s  a r e  measured a t  t h e  equinoxes. 

In  t h e  course of 1  week, t he re fo re ,  t h e  instrument  makes about 98 measurements 
i n  each region,  a l l  i n  a  band of l a t i t u d e  of approximately 10. These measurements 
give a  f a i r l y  dense s e t  of da ta  po in t s .  When t h e  loca t ions  of a l l  t h e  measurements 
obta ined  i n  1 week a r e  p l o t t e d  on a  geographic s e t  of axes,  one f i n d s  t h a t  t h e  sepa- 
r a t i o n  between the  p o i n t s  is only about 4O i n  longi tude .  In  a  6-month per iod  of 
t ime,  t he  t o t a l  number of observat ions i s  of t he  order  of 5000. 

DATA PRODUCTS 

The bas i c  da ta  product is the  ex t inc t ion  p r o f i l e  obtained during each measure- 
ment opportuni ty,  which can be analyzed t o  determine t h e  l a t i t u d i n a l ,  l o n g i t u d i n a l ,  
and temporal v a r i a t i o n s  i n  t h e  s t r a t o s p h e r i c  aerosol .  A d e t a i l e d  desc r ip t ion  of a l l  
of t h e  da ta  products  t h a t  a r e  scheduled f o r  rou t ine  a rch iv ing  is given i n  s e c t i o n  5 
of The Nimbus 7 User 's Guide ( r e f .  4 ) .  These include tapes  of t he  following: raw 



radiance as  a function of time fo r  each sunr i se  and sunset ;  aerosol  ex t inc t ion  coef- 
f i c i e n t ,  molecular ex t inc t ion  coe f f i c i en t ,  and modeled aerosol  number dens i ty  a s  a 
funct ion  of a l t i t u d e ;  and stereographic polar  maps and cross  sec t ions  of l a t i t u d e  ( o r  
longitude) a s  a function of a l t i t u d e .  The archived products a l s o  include 18 d i f f e r -  
e n t  types of output products produced on 16-mm f i lm and consis t ing  of p r o f i l e s ,  cross 
sec t ions ,  maps, and h i s t o r i e s .  

This repor t  presents  a por t ion  of these  data. Spec i f i ca l ly ,  it contains the  
second 6-month's data of the  following: weekly averages of SAM I1 ex t inc t ion  pro- 
f i l e s ;  a 1-day sample f o r  each week of aerosol  ex t inc t ion  as  a function of a l t i t u d e  
and longitude;  i sop le ths  of weekly averaged ex t inc t ion  p r o f i l e s  p l o t t e d  agains t  time; 
and t a b l e s  of weekly averaged s t r a tospher ic  o p t i c a l  depth. These and the  many data 
products generated represent  f a r  too much mater ia l  t o  present  i n  a reasonably s i zed  
repor t .  It was decided, therefore ,  t o  present  ins tead  averages and representa t ive  
samples of the  data products.  Where appropriate,  the  temperature p r o f i l e  o r  average 
temperature p r o f i l e  f o r  the  locat ion  a t  which the  SAM I1 measurements were made is 
given with the  aerosol  data.  The temperature data were supplied by the  National 
Meteorological Center of the  National Weather Service of NOAA, and a r e  in te rpo la ted  
from t h e i r  gridded global  data s e t s  ( r e f .  5 ) .  The optical-depth data a r e  ca lcula ted  
d i r e c t l y  from the  aerosol  ext inc t ion  p r o f i l e ,  which gives aerosol  ex t inc t ion  coef- 
f i c i e n t  a s  a function of a l t i t u d e ,  by i n t e g r a t i n g  between the  a l t i t u d e  l eve l s  of 
i n t e r e s t .  These data a r e  presented i n  the  form of tables .  

EXTINCTION PROFILES 

The average of a l l  ex t inc t ion  p r o f i l e s  measured by SAM I1 f o r  a given week and 
the  corresponding average temperature p r o f i l e s  a r e  presented i n  f igures  2 t o  11. The 
temperatures a t  given pressure l eve l s  of 1000, 500, 300, 150, 100, 70, 50, and 
10 m i l l i b a r s  ( 1  mi l l iba r  = 100 Pa) a r e  provided by NOAA f o r  each SAM I1 measurement. 
These a r e  averaged t o  give a temperature a t  each pressure l eve l  and p l o t t e d  a t  the  
average a l t i t u d e  of t h a t  l eve l .  The hor izonta l  bars  on both the  ex t inc t ion  and tem- 
pe ra tu re  p r o f i l e s  show the  one-standard-deviation range i n  the  data. Flhen ava i l ab le  
the  tropopause height  (averaged over each week) is  indica ted  by a hor izonta l  arrow 
near the  l e f t  ordinate.  The average l a t i t u d e  f o r  t h e  week is given on each p lo t .  

EXTINCTION ISOPLETHS 

Figures 12 t o  63 present  i sople ths  of aerosol  ex t inc t ion  and temperature con- 
tours  f o r  a 1-day sample taken from each week of the  6-month period. The ex t inc t ion  
i s o p l e t h s  a r e  p l o t t e d  as  ext inc t ion  as  a function of a l t i t u d e  and longitude and were 
generated from the  14 individual  ex t inc t ion  p r o f i l e s  f o r  the  p a r t i c u l a r  day by using 
a cubic-spline contouring program. The tension of the  cubic-spline f i t  was s e t  a t  
2;5. Once again, because of the  la rge  amount of da ta ,  a l l  of the  i sop le ths  obtained 
a r e  not presented. Instead,  1 day from each week has been randomly chosen f o r  pres- 
en ta t ion .  The dates  f o r  the  day a r e  indica ted  i n  the  legends as  they a r e  given i n  
t h e  computer. The decimal f r ac t ion  r e f e r s  t o  the  time of day. (For example, May 
2.11 means 2:38 a.m. on May 2.) The values labeled on the  ex t inc t ion  i sop le ths  a r e  
sca led  by lo5, and the  value of the  kth contour is  equal t o  1.32 times the  value 
of t h e  k - 1 contour. The i sople th  marked "12" corresponds t o  an ex t inc t ion  of 
1.20 x 1 0 ' ~  km-' , which i s  typ ica l  of the  s t ra tosphere .  The p l o t t i n g  rout ine  
used t runcates  decimal points ,  so t h a t  the  l i n e s  marked "1" correspond t o  
1.32 x km". The t i c k  marks on the  hor izonta l  axes of each f igure  ind ica te  t h e  
longitude of the  individual  p r o f i l e  measurement t h a t  was incorporated i n t o  the  



i sop le th .  The v e r t i c a l  l i n e  ind ica tes  the  prime meridian (00 E ) .  The tropopause 
height ,  when ava i l ab le ,  is indica ted  with a c i r c l e  containing a plus s ign  ( a). The 
l i n e s  between the  ex t inc t ion  values a t  the  t i c k  marks a re  in te rpo la t ions  between one 
ex t inc t ion  p r o f i l e  and the  next.  This should be kept i n  mind when i n t e r p r e t i n g  the  
data. Note t h a t  i n  some of the  p l o t s  a l l  14 data  p r o f i l e s  f o r  the  day were not 
avai lable .  

The temperature contours a r e  labeled i n  kelvins and a r e  separated by 3 K. Local 
minimum values a r e  marked with an "Loo and maximum values with an "H." 

Figures 12 t o  37 show the  Arct ic  measurements and f igures  38 t o  63 show the  
Antarct ic  measurements. The p l o t s  show r a t h e r  i n t e r e s t i n g  va r i a t ions  i n  the  aerosol  
a s  a function of longitude. These va r i a t ions  have not been observed i n  measurements 
obtained with o ther  methods because t h i s  s a t e l l i t e  system i s  the  f i r s t  t o  obta in  a 
high dens i ty  of measurements i n  a s h o r t  time i n t e r v a l ,  thus allowing such p l o t s  t o  be 
made. This s e t  of p l o t s  a l s o  enables one t o  observe the  co r re la t ions  which e x i s t  
between the  aerosol  ex t inc t ion  and the  temperature. For example, some of t h e  p l o t s  
reveal  the  presence of polar  s t r a tospher ic  clouds (PSC's),  which occur i n  t h e  
Antarc t ic  i n  the  winter.  (See f i g s .  46 through 58.) The corresponding temperature 
f i e l d s  show very low temperatures a t  the  locat ion  of the  PSC's. The s t r a tospher ic -  
cloud s ight ings  a r e  described i n  d e t a i l  by McCormick e t  a l .  i n  reference 6. F inal ly ,  
the  presence of t ropospheric clouds and aerosols  extending up t o  the  tropopause a r e  
e a s i l y  seen. 

SIX-MONTH AVERAGE OF AEROSOL EXTINCTION 

Figures 64 and 65 present  contours of t h e  weekly average of aerosol  ex t inc t ion  
a s  a function of time. The corresponding weekly average of temperature is  a l s o  
shown. 

In  each f igure  t h e  average weekly aerosol  ex t inc t ion  a t  1-km a l t i t u d e  i n t e r v a l s  
is  p l o t t e d  a s  a function of a l t i t u d e  and time. Each average weekly aerosol  value can 
be regarded a s  a zonal mean s ince  the  l a t i t u d e  coverage is  only about 1 degree per 
week and measurements made during a week span 360° longitude, with a spacing of about 
4O. The temperature p l o t s  were generated by evaluat ing  the  weekly average tempera- 
t u r e  a t  1-km i n t e r v a l s  and p l o t t i n g  isotherms a s  a function of a l t i t u d e  and time. 
Figure 64 is  f o r  the  Northern Hemisphere and f igure  65 is f o r  the  Southern 
Hemisphere. Further descr ip t ions  and analyses of these  p l o t s  a r e  found i n  McCormick 
e t  a l .  ( r e f .  7 ) .  

OPTICAL DEPTH 

Tables I and I1 contain weekly averaged values of the  aerosol  o p t i c a l  depth f o r  
t h e  Arct ic  and Antarc t ic  measurements. The optical-depth value depends c r i t i c a l l y  on 
the  method used f o r  i ts  evaluat ion.  The o p t i c a l  depths a r e  obtained by evaluat ing  
the  i n t e g r a l  of each ex t inc t ion  p r o f i l e  from a given a l t i t u d e  t o  30 Ian. These pro- 
f i l e s  were evaluated from 2 lan above the  tropopause up t o  30 km. The o p t i c a l  depths 
obtained from a l l  of the  ext inc t ion  p r o f i l e s  during a given week a re  then averaged 
and the  r e s u l t a n t  values a r e  presented i n  the  t a b l e s ,  week by week, f o r  the  period 
covered by t h i s  repor t .  An optical-depth value of 100 is 100 x or  0.001. 
Also included i n  the  t a b l e s  a re  the  average l a t i t u d e  of the  measurement point  and the  
average tropopause height  f o r  the  p a r t i c u l a r  week. 



CONCLUDING REMARKS 

This r epor t  has presented a representa t ive  sample and summaries of the  second 
6 months (Apr. 29, 1979, t o  Oct. 27, 1979) of the  St ra tospher ic  Aerosol Measurement 
(SAM) I1 s a t e l l i t e  data.  It is divided i n t o  Arct ic  and Antarct ic  measurements and 
inc ludes  consecutive weekly averages of aerosol  ex t inc t ion  p r o f i l e s ,  a representa t ive  
1-day i sop le th  (contours of aerosol  ex t inc t ion  a s  a function of a l t i t u d e  and longi- 
tude )  f o r  each week, and contours of the  weekly average of aerosol  ex t inc t ion  a s  a 
function of a l t i t u d e  and time f o r  t h i s  6 months. In addi t ion ,  the  s t r a tospher ic  
ae roso l  o p t i c a l  depth, averaged f o r  each week, is given i n  t abu la r  form. Temperature 
da ta ,  provided by t h e  National Weather Service from t h e i r  gridded ana lys i s  corre-  
sponding t o  the  time and locat ion  of the  SAM I1 measurement, a re  included with the  
ae roso l  ex t inc t ion  data.  They a r e  p l o t t e d  a s  average temperature p r o f i l e s ,  o r  con- 
t o u r s ,  o r  tropopause heights .  

A t  t he  time of t h i s  repor t ,  about 3 1/2 years  a f t e r  i ts  launch i n  October 1978, 
SAM I1 continues t o  provide high-quality data.  This r epor t  is  intended t o  provide 
rep resen ta t ive  and summary data i n  a ready-to-use v i sua l  format f o r  rapid  use i n  
atmospheric and c l ima t i c  s tud ies .  It is  intended t h a t  fu ture  6-month repor t s  using 
t h i s  same format continue t o  be published. 

Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
February 1, 1982 
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TABLE 1.- AVERAGE OPTICAL DEPTH FOR ARCTIC REGION 

Week 
beginning - 

A p r .  29, 1979 
May 6, 1979 
May 13, 1979 
May 20, 1979 
May 27, 1979 
June 3, 1979 
June 10, 1979 
June 17, 1979 
June 24, 1979 
Ju ly  1, 1979 
Ju ly  8, 1979 
J u l y  15, 1979 
Ju ly  22, 1979 
J u l y  29, 1979 
Aug. 5, 1979 
Aug. 12, 1979 
Aug. 19, 1979 
Aug. 26, 1979 
Sept. 2, 1979 
Sept. 9, 1979 
Sept. 16, 1979 
Sept. 23, 1979 
Sept. 30, 1979 
Octe 7, 1979 
Oct. 14, 1979 
Oct. 21, 1979 

Lat i tude ,  ON 

73.2 
71.5 
69.9 
68.6 
67.5 
66.5 
66.0 
65.9 
66.2 
66.7 
67.7 
68.8 
70.2 
71 - 3  
73.0 
74.8 
76.6 
78.3 
79.7 
80.7 
81  .O 
80.7 
79.6 
78.1 
76.4 
74.5 

Average tropopause 
height ,  km 

8.87 
9.08 
8.84 
9.33 
9.72 
9.82 
9.77 
9 -82 

10.10 
10.44 
10.17 
10.36 
10.48 
10.16 
10.36 
10.09 
9 -90 
9 -87 
9.64 
9.30 
9.54 
9.49 
9.68 
9.60 
8.97 
9.18 

1 

Average o p t i c a l  depth measured 
from tropopause plus 2 km 

148.9 X 1 0 ' ~  
144.5 
143 - 8  
137.0 
130.7 
131.3 
133.2 
128.8 
122.6 
120.5 
121.2 
119.9 
118.9 
124.5 
121.2 
126.3 
128.1 
126.5 
130.2 
133.7 
131.7 
129.7 
129.7 
132.8 
143 - 4  
141.4 



TABLE 11.- AVERAGE OPTICAL DEPTH FOR ANTARCTIC REGION 

W e e k  
beginning - 

A p r .  29, 1979 
May 6, 1979 
May 13, 1979 
May 20, 1979 
May 27, 1979 
June 3, 1979 
June 10, 1979 
June 17, 1979 
June 24, 1979 
J u l y  1, 1979 
Ju ly  8, 1979 
Ju ly  15, 1979 
July 22, 1979 
Ju ly  29, 1979 
A u ~ .  5, 1979 
A u ~ .  12, 1979 
A u ~ .  19, 1979 
A u g .  26, 1979 
Sept. 2, 1979 
Sept. 9, 1979 
Sept. 16, 1979 
Sept. 23, 1979 
Sept. 30, 1979 
O c t .  7, 1979 
O c t .  14, 1979 
O c t .  21, 1979 . 

A v e r a g e  opt ical  depth m e a s u r e d  
f r o m  tropopause p lus  2 km 

135.7 x 1 0 ' ~  
128.6 
151.5 
134.3 
136.4 
136.5 
140 - 7  
145 - 3  
255.5 
312.5 
399.7 
370.2 
632.4 
694.9 
914.4 
981.0 
402.7 
656.0 
779.1 
457.8 
636.0 
139 - 8  
120.3 
112.7 
97 - 6  
98.5 

L a t i t u d e ,  OS 

71 .7 
70.2 
68.6 
67.3 
66.3 
65.8 
65.2 
64.8 
64; 8 
65.2 
65.4 
66.1 
68.0 
69.2 
70.8 
72.4 
74.1 
75.9 
77.6 
79.1 
80.2 
80.7 
80.5 
79.5 
78.1 
76.3 

A v e r a g e  tropopause 
height, kin 

9 27 
9.70 
9.86 
9.69 
9.64 
9.70 
9.86 
9.62 
9.43 
9.47 
9.69 

10.14 
9.74 
9.94 

10.37 
10.04 
9.76 
9.34 
9 87 
9.78 

10.23 
10.82 
9.44 
9.77 
9.67 
9.32 

i 
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F i g u r e  1.- L a t i t u d i n a l  coverage of SAM I1 measurements f o r  
A p r i l  1979 t o  October 1979. 
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Figure  2.- Arc t i c  e x t i n c t i o n  and temperature  p r o f i l e s  f o r  
Apri l  29 t o  June 9, 1979. 
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Figure 3.-  Arctic  ex t inc t ion  and temperature p r o f i l e s  f o r  
June 10 t o  Ju ly  21, 1979. 
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F i g u r e  4.- Arctic e x t i n c t i o n  and t empera tu re  p r o f i l e s  f o r  
July 22 t o  September 1, 1979. 
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Figure 5.- Arctic extinction and temperature profiles for 
September 2 t o  October 13, 1979. 



K T  19 - OCT 20 

25 LRr 78.4.1 I 

21 - 
LRT 

OCT 27 
74.5% 

- 1 
Ext inc t ion ,  km Temp., K 

F igure  6 . -  Arc t i c  e x t i n c t i o n  and temperature p r o f i l e s  f o r  
October 14 t o  October 27, 1979. 
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Figure 7.- Antarct ic  ext inc t ion  and temperature p r o f i l e s  f o r  
April  29 t o  June 9, 1979. 
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F igure  8.-  Anta rc t i c  e x t i n c t i o n  and temperature  p r o f i l e s  f o r  
June 10 t o  J u l y  21, 1979. 
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Figure 9.- Antarct ic  ex t inc t ion  and temperature p r o f i l e s  fo r  
July 22 t o  September 1, 1979. 
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Figure 10 . -  Antarctic extinction and temperature profiles for 
September 2 to October 13, 1979. 
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Figure 11.- Antarctic extinction and temperature profiles for 
October 14 t o  October 27, 1979. 
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F i g u r e  12.- Arctic e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  May 2.11 t o  3.20, 1979, a t  l a t i t u d e s  from 73.4O t o  
73.1° N cor responding  t o  o r b i t s  2624 t o  2639. 
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Figure 13.- Arc t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  
f o r  May 9.06 t o  10.14, 1979, a t  l a t i t u d e s  from 71.6O t o  
71.3O N corresponding t o  o r b i t s  2720 t o  2735. 
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Figure 14.- Arctic  ex t inc t ion  i sop le th  and temperature contours 
f o r  May 14.05 t o  15.14, 1979, a t  l a t i t u d e s  from 70.4O t o  
70.2O N corresponding t o  o r b i t s  2789 t o  2804. 
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(b) Temperature contours. 

Figure 15.- Arctic extinction isopleth and temperature contours 
for May 22.08 to 23.17, 1979, at latitudes from 68.8O to 
68.6O N corresponding to orbits 2900 to 2915. 
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Figure 16.- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  May 29.10 t o  30.11, 1979, a t  l a t i t u d e s  from 67.7O t o  
67.6O N corresponding t o  o r b i t s  2997 t o  3011. 
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( a )  Extinct ion i sop le th .  
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Figure 17.- Arctic  ex t inc t ion  i sop le th  and temperature contours 
f o r  June 6.06 t o  7.15, 1979, a t  l a t i t u d e s  from 66.S0 t o  
66.40 N corresponding t o  o r b i t s  3107 t o  3122. 
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( a )  Ext inc t ion  i s o p l e t h .  
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F igure  18.- Arctic e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  June 13.15 t o  14.17, 1979, a t  l a t i t u d e s  from 66.0° t o  
65.90 N corresponding t o  o r b i t s  3205 t o  3219. 
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F i g u r e  19.- A r c t i c  e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  June 19.09 t o  20.17, 1979, a t  l a t i t u d e s  from 65.7O t o  
66. l o  N cor responding  t o  o r b i t s  3287 t o  3302. 
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Figure 20.- Arc t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  
f o r  June 26.11 t o  27.12, 1979, a t  a l a t i t u d e  of 66.20 N 
corresponding t o  o r b i t s  3384 t o  3398. 
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( a )  Ex t inc t ion  i s o p l e t h .  
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(b) Temperature contours.  

Figure 21.- A r c t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  
f o r  ~ u l y  4.07 t o  5.15, 1979, a t  l a t i t u d e s  from 66.6O t o  
56.70 N corresponding t o  o r b i t s  3494 t o  3509. 
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Figure 22.- Arctic  ex t inc t ion  i sople th  and temperature contours 
f o r  Ju ly  12.17 t o  13.18, 1979, a t  l a t i t u d e s  from 67.8O t o  
67.g0 N corresponding t o  o r b i t s  3606 t o  3620. 
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( a )  Extinct ion i sop le th .  
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Figure 23.- Arctic  ext inc t ion  i sople th  and temperature contours 
f o r  Ju ly  19.33 t o  20.35, 1979, a t  l a t i t u d e s  from 68.g0 t o  
69.1° N corresponding t o  o r b i t s  3705 t o  3719. 



-41.4 36.8 88.7 140 193 245 
0 

Longi tude,  E 

( a )  E x t i n c t i o n  i s o p l e t h .  
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( b )  Temperature c o n t o u r s .  

F i g u r e  24.- Arctic e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  J u l y  26.06 t o  27.15, 1979, a t  l a t i t u d e s  from 70.Z0 t o  
70.5O N cor responding  t o  o r b i t s  3798 t o  3813. 
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( a )  E x t i n c t i o n  i s o p l e t h .  

5 
-97.2 -44.9 6.9 58 .8  111 163  2 15 268 

Longi tude,  OE 
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F igure  25.- A r c t i c  e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  August 2.30 t o  3.31, 1979, a t  l a t i t u d e s  from 71.4O t o  
71.7O N cor responding  t o  o r b i t s  3898 t o  3912. 
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(b) Temperature contours .  

Figure 26.- Arc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  August 7.15 t o  8.16, 1979, a t  l a t i t u d e s  from 72.6O t o  
72.g0 N corresponding t o  o r b i t s  3965 t o  3979. 
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Figure 27.- Arc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  August 15.18 t o  16.27, 1979, a t  l a t i t u d e s  from 74.7O t o  
74.90 N corresponding t o  o r b i t s  4076 t o  4091. 
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Figure 28.- Arct ic  ex t inc t ion  i sop le th  and temperature contours 
f o r  August 21.19 t o  22.19, 1979, a t  l a t i t u d e s  from 76.20 t o  
76.50 N corresponding t o  o r b i t s  4159 t o  4173. 
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F igure  29.- A r c t i c  e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  August 30.16 t o  31.32, 1979, a t  l a t i t u d e s  from 78.5O t o  
78.7O N cor responding  to o r b i t s  4283 t o  4299. 
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Figure 30.- Arc t ic  ex t inc t ion  i sop le th  and temperature contours 
f o r  September 5.17 t o  6.25, 1979, a t  l a t i t u d e s  from 79.7O t o  
79.g0 N corresponding t o  o r b i t s  4366 t o  4381. 
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F i g u r e  31.- A r c t i c  e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  September 10.88 t o  11.90, 1979, a t  l a t i t u d e s  from 80.6O t o  
80.70 N cor responding  t o  o r b i t s  4445 t o  4459. 



-77.5 26 .1  104 155 207 259 311  
0 Longi tude,  E 
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Figure 32.- Arctic  ext inc t ion  i sop le th  and temperature contours 
f o r  September 19.35 t o  20.43, 1979, a t  a l a t i t u d e  of 81. lo N 
corresponding to o r b i t s  4562 t o  4577. 
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( a )  E x t i n c t i o n  i s o p l e t h .  
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F igure  33.- A r c t i c  e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  September 25.93 t o  26.95, 1979, a t  l a t i t u d e s  from 80.7O t o  
80.6O N cor responding  t o  o r b i t s  4653 t o  4667. 
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Figure 34.- Arctic extinction isopleth and temperature contours 
for October 3.89 to 4.91, 1979, at latitudes from 79.5O to 
79.4O N corresponding to orbits 4763 to 4777. 
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Figure 35.- Arc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  October 10.84 t o  11.85, 1979, a t  l a t i t u d e s  from 78.0° t o  
77.8O N corresponding t o  o r b i t s  4859 t o  4873. 
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.gure 36.- Arctic extinction isopleth and temperature contours 
fo r  October 18.80 t o  19.81, 1979, a t  l a t i tudes  from 76.10 t o  
75.80 N corresponding t o  o rb i t s  4969 t o  4983. 
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' igure 37.- Arctic  ex t inc t ion  i sop le th  and temperature contours 
f o r  October 24.88 t o  25.89, 1979, a t  l a t i t u d e s  from 74.5O t o  
74.2O N corresponding t o  o r b i t s  5053 t o  5067. 
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F igure  38.- An ta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  May 1.85 t o  2.86, 1979, a t  l a t i t u d e s  from 7 l .gO t o  
71.7O S corresponding t o  o r b i t s  2621 t o  2635. 
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Figure 39.- An ta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  May 9.81 t o  10.82, 1979, a t  l a t i t u d e s  from 70.1° t o  
69.8O S corresponding t o  o r b i t s  2731 t o  2745. 
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Figure 40.- Antarct ic  ex t inc t ion  i sop le th  and temperature contou 
f o r  May 17.69 t o  18.71, 1979, a t  l a t i t u d e s  from 68.4O t o  
68.2O S corresponding t o  o r b i t s  2840 t o  2854. 
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F igure  41.- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and tempera ture  con tou r s  
f o r  May 22.25 t o  23.27, 1979, a t  l a t i t u d e s  from 67.60 t o  
67.4O S cor responding  t o  o r b i t s  2903 t o  2917. 
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( a )  E x t i n c t i o n  i s o p l e t h .  
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F i g u r e  42.- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  May 29.85 t o  30.86, 1979, a t  l a t i t u d e s  from 66.4O t o  
66.2O S cor responding  t o  o r b i t s  3008 t o  3022. 
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F igure  43.- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  June 6.74 t o  7.75, 1979, a t  l a t i t u d e s  from 65.8O t o  
65.6O S cor responding  t o  o r b i t s  31 17 t o  3 131. 
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( b )  Temperature contours .  

F igure  44.- Anta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  June 14.63 t o  15.64, 1979, a t  l a t i t u d e s  from 65. lo  t o  
65.0° S corresponding t o  o r b i t s  3226 t o  3240. 
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( a )  Ex t inc t ion  i s o p l e t h .  
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(b) Temperature contours .  

Figure 45.- An ta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  June 19.69 t o  20.70, 1979, a t  l a t i t u d e s  from 64.g0 t o  
64.a0 S corresponding t o  o r b i t s  3296 t o  3310. 
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Figure 46.- Antarct ic  ex t inc t ion  i sop le th  and temperature contours 
f o r  June 27.80 t o  28.88, 1979, a t  l a t i t u d e s  of 64.8O t o  
64.90 S corresponding t o  o r b i t s  3408 t o  3423. 
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( a )  Ex t inc t ion  i s o p l e t h .  
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( b )  Temperature contours.  

Figure 47.- Anta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  Ju ly  3.80 t o  4.81, 1979, a t  l a t i t u d e s  of 65. l o  t o  
65.2O S corresponding t o  o r b i t s  3491 t o  3505. 
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F i g u r e  48.- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  J u l y  11.83 t o  12.85, 1979, a t  l a t i t u d e s  from 65.g0 t o  
66.1° S cor responding  t o  o r b i t s  3602 t o  3616. 
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(b) Temperature contours. 

Figure 49.- Antarctic extinction isopleth and temperature contours 
for July 17.70 to 18.71, 1979, at latitudes from 66.7O to 
66.g0 S corresponding to orbits 3683 to 3697. 
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F igure  50.- An ta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  J u l y  23.85 t o  24.86, 1979, a t  l a t i t u d e s  from 67.8O t o  
67.g0 S corresponding t o  o r b i t s  3768 t o  3782. 
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Figure 51.- Antarct ic  ex t inc t ion  i sop le th  and temperature contours 
f o r  July 31.88 t o  August 1.89, 1979, a t  l a t i t u d e s  from 69. l o  t o  
69.3O S corresponding t o  o r b i t s  3879 t o  3893. 
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( a )  Extinct ion i sople th .  
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Figure 52.- Antarct ic  ext inc t ion  i sop le th  and temperature contours 
f o r  August 5.94 t o  6.96, 1979, a t  l a t i t u d e s  from 70.1° t o  
70.40 S corresponding t o  o r b i t s  3949 t o  3963. 
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F igure  53.- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  August 13.90 t o  14.92, 1979, a t  l a t i t u d e s  from 72.00 t o  
72.3O S cor responding  t o  o r b i t s  4059 t o  4073. 
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Figure 54.- Antarc t ic  ext inc t ion  i sop le th  and temperature contours 
f o r  August 21.86 t o  22.88, 1979, a t  l a t i t u d e s  from 74.0° t o  
74.2O S corresponding t o  o r b i t s  4169 t o  4183. 
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F i g u r e  55.- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  August 29.82 t o  30.84, 1979, a t  l a t i t u d e s  from 76.0° t o  
76.3O S cor responding  t o  o r b i t s  4279 t o  4293. 
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Figure 56.- Antarct ic  ex t inc t ion  i sop le th  and temperature contours 
f o r  September 4.83 t o  5.84, 1979, a t  l a t i t u d e s  from 77.5O t o  
77.7O S corresponding t o  o r b i t s  4362 t o  4376. 
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F igure  57.- An ta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  September 14.81 t o  15.83, 1979, a t  l a t i t u d e s  from 79.5O t o  
79.7O S corresponding t o  o r b i t s  4500 t o  4514. 
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( b )  Temperature contours .  

Figure 58.- An ta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature contours  
f o r  September 19.81 t o  20.89, 1979, a t  l a t i t u d e s  from 80.73 t o  
80.4O S corresponding t o  o r b i t s  4569 t o  4584. 
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( a )  E x t i n c t i o n  i s o p l e t h .  
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F igure  59.- A n t a r c t i c  e x t i n c t i o n  i s o p l e t h  and t empera tu re  c o n t o u r s  
f o r  September 26.83 t o  27.91, 1979, a t  a  l a t i t u d e  of 80.7O S 
cor responding  t o  o r b i t s  4666 t o  4681. 
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Figure 60.- Antarct ic  ex t inc t ion  i sop le th  and temperature contours 
f o r  October 2.91 t o  3.92, 1979, a t  l a t i t u d e s  from 80.6O t o  
80.5O S corresponding t o  o r b i t s  4750 t o  4764. 
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Figure 61.- Antarct ic  ex t inc t ion  i sop le th  and temperature contours 
f o r  October 9.92 t o  10.94, 1979, a t  l a t i t u d e s  from 79.7O t o  
79.S0 S corresponding t o  o r b i t s  4847 t o  4861. 
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Figure 62.- Antarct ic  ext inc t ion  i sop le th  and temperature contours 
for October 18.03 t o  19.12, 1979, a t  l a t i t u d e s  from 78.0° t o  
77.7O S corresponding t o  o r b i t s  4959 t o  4974. 



52.8 105 15 7 2 34 

0 
Longi tude,  E 
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Figure 63.- An ta rc t i c  e x t i n c t i o n  i s o p l e t h  and temperature  contours  
f o r  October 24.04 t o  25.05, 1979, a t  l a t i t u d e s  from 76.5O t o  
76.20 S corresponding t o  o r b i t s  5042 t o  5056. 
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(b) Temperature f i e l d  i n  ke lv in  a t  loca t ion  of aerosol  measurement. 

Figure 64.- Arct ic  ext inc t ion  and temperature data showing weekly 
averaged values. The date marked on the  hor izonta l  a x i s  is  t h e  
f i r s t  day of the  week t o  which the  average value corresponds. 
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(b) Temperature f i e l d  i n  ke lv in  a t  l o c a t i o n  of ae roso l  measurement. 

F igure  65.- Anta rc t i c  e x t i n c t i o n  and temperature  da t a  showing weekly 
averaged va lues .  The da te  marked on t h e  h o r i z o n t a l  a x i s  is t h e  
f i r s t  day of t h e  week t o  which t h e  average value corresponds. 
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t o  provide, i n  a ready-to-use format, a representat ive sample of the second 6 months 
of data t o  be used i n  atmospheric and cl imatic  s tudies .  
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